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Summary 

A novel subset of T cells characterised by the expression of an invariant T cell andgcn receptor 
(TCR) encoded by Va24]aQ gene segments was investigated in patients with systcn-iic sdcrosis 
(SSc). Polymerase chain reaction analysis demonstrated that the Va24 TCR repertoire was se- 
lectively used in CD4-CD8- double-negative T cells both in patients and in healthy individu- 
als, whOe almost aJl families of TCRVa were expressed in singje-positive T ceD fracuom. The 
Va24^ double-negative T ceUs were increased by approximately fivefold in patJents. However, 
sequence analysis clearly showed signiScant differences in die Va24 TCR repertoire dominat- 
ing in patients and healthy donors. In healthy individuals, the invanant Va24JaQ was ex- 
panded and comprised 20-50% of the total TCR-a, while their selecdve reduction was ob- 
served in SSc patients who also showed expansion of invariant Va24 TCR other dian 
Va24JaQ. Analogous to murine invariant Va14Ja281 TCR, these results suggest that T cells 
v/ith invariant Va24JaQ TCR would function as regulatory T cells, whereas T cells bcanng 
other invariant Va24 TCR in SSc patients could be auioaggxessivc T cells in nature. 



Accumularivc evidence demonstrates that there are novel 
T cell subsets in the thymus characterized by their ex- 
pression of cell -surface phenotypes of NK1.1 and TCR (1- 
4). This population belongs to cither the double-negative 
(DN) CD4-CD8* or single-positive (SP) CD4-'CD8- 
thymocytcs but is apparendy distinct from conventional T 
cells and NK cells having the gcrin line configuration of 
TCR genes. Recendy, NK T cells have been found to be 
composed of a rcbiivcly brgc fracrion of peripheral T cells 
comprising S% of splenic T cells and 40% of bone marrow 
T cells (4). The most characteristic feature of NK T ccUs is 
that the majority bear an invariant TCR encoded by Val4 
and Ja281 gene segments with a one-base N region (4, 5), 
Thus, invariant Val4 TCR is a marker for NK T cells. 
Moreover, NK T cells express a limited TCR Vp reper- 
toire, including VpS, Vp7, and V(32 (5). 

Reccnt studies by Porcelli et al. (6) and DcDabona et al. 
(7, 8) indicate that the invariant Va24JaQ sequence is 
preferentially expressed on DN a/p T cells from healthy 
individuals. The homology of the nucleotide sequences is 
found lo be 75% in the Va24 and 90% in die CDR3 re- 
gions compared with murine Vq24 TCR (9). Therefore, 
[he human Va24 sequence is a homologue of murine 
Val4 TCR. Another striking simDarity to murine invari- 



ant Val4 T cells is that human peripheral DN T cells also 
express a limited TCR-P repertoire including Vp2. V^S, 
Vpn. and (6-8. lO). Interestingly, the decrease in 

invariant Val4Ja281 TCR expression in autoimmune 
prone mice correlates with disease development. It is thus 
likely that VaM"* NK T cells play a role in die regulauon 
of autoimmune disease development. 

Analogous to murine invariant Vofl4 T cells, we investi- 
gated invariant Va24JaQ TCR expression in patients with 
autoimmune diseases, such as systemic sclerosis (SSc). Sur- 
prisingly, invariant Va24+ TCR other d^an Va24JaQ were 
dominant in SSc patients. However, invariant Va24JaQ 
TCR were undetccuble in patients, while 20-50% of TCR 
expressed in hcald^y individuals were invariant Va24JaQ 
TCR. The results indicate that T cells bearing invariant 
Va24JaQ function as regulatory T cells, while T cells with 
other invariant Va24 TCR are likely to be autoaggrcssive 
in patients. 



Materials and Methods 

Study Subjects. Four patients diagnosed with SSc (11) were 
evaluated during ihc swelling phase of SSc. Three disc«(-Ercc 
subjccu were abo examined as conn-ols. AH patients and healthy 
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Si:.'37;L;^r?it— ^^^^ 

TCR mAb WT-31). The ccHs were analyzed by FACScan* 
w,th a Joean,hm.c amplif.cr (Bccton Dickimon & Co ) 
Purifuation of DN a/B T Cells from Pftl «r Cc d • 

iiar-' (Decton Dickinson & ,Co.) usinir PF anri r-Piii i - 
rnfi r«AU, -TM- • 1 J ' "*^"8 *^r.-anti-Ci:)4 plus ant)-' 

CDS inAbs. Tn,e yields of DN and SP T celb wrre u/and U/' 
respecovely^The purity of fociona.ed DN sample, wa" con 
nrmcd by PGR with CD4 o, CDS prin.er, {«c Fi^ Tq 

Prcparuncn ofRNA and PCR. Toul RNA (0.1-1,, 
prepared u„ng Isogen (Nippon Gene Co. Led Tolcyo T,pan 
ftom »oned DN a/p T or SP a/p T cclh. cONA sy^Ll^:^] 
PCR were descnbed ckewherc (12). Uriefly. first-.trand c "nAs 

at 95 C for 1.5 mm for dcna.uration, 62°C for 1 f) niin for an 
neahne and 72'C for 1.0 n,i„ for extension, for 30 c cl^ on a 
DNA .henna, cycler (Perkin-Efeer Corp.. Norw.,]k. The 

xftdT/^^::n\^'-^:"''"'^ » ''^-^-^.6 c; probe of 

155 bp rn lenph (13). The sequences of .he Va and Ca primes 
were pubhshcd previously (6. 14). pnmen 
For confirmation of the purity of enriched samples, .he cDNA 
from sorted DN a/p T cells was an^plif.ed by PCR wi.h CD4 
»nd CD8a primers (15). and hybridized .he 41^.6 

fra^i f eenc (16) or the Ps.l/HincII 

cmA Tl ° / "T """^ CD4 or CD 

CUNA (1 ng) was used as a positive control 

he standard,raUon n.rve. Va24* cDNAs were serially diluted 
Corresponding to 0.01-10 pg DNA) .nnd subjecr.d to PGR ^ith 
"P lab rdr" ""r" prod,.cts were hybridized wiTh a 

ctgaatagccaoacacacttJ-,. Sa*^ rS^*;iriS 

generated by PGR using RNA fr.J^^ ^^''^^^r.ZZl 
pnmen forthe Va24 .-.nd Co. Recombinant p\.lJlZTr^^^ 

V ^ 1 rf'' "'"^ w"-^ hybridized either with a 

Vq24 probe (S'-CTCAGCGATTCAGCCTCCTAr vr.V 
53-bp JaQ probe (5'-CAACCCTGGGGAG<S^ATAC^ ° 
S'-JaQand5'-AGGCCACACAGTCAACTCJS^If3:iS^ 
5^,«„„MW>.su. The sratistical significance of the resulti 
was detenumed using the X'-iest. 



Results and Discussion 

PrTdomhuinl Expansion of TCR Vo24* T Celb FACS* 
.n^lysis of PBL from three p.tienr. with swelling.phasc SSc 
clearly showed that their DN a/g T but not DN 7/8 T 

120/mm^ and 109/mm') compared with healthy i„- 
d>v,duals (average 28/mm3) (Fig. 1 A a„d Table 1). The in- 
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Table 1. Fre,]ttniac$ of Jtmw'ant Va24JoQ TCR Exprcssiou 
tn Peripheral DK T 



Source 



Va2-IJaQ/ 
loul Va24* 



Cell number mm-^ 
DN a/p T Va24jorQ T 



Complemcnuo' ONA Hbrjrics prnrnicd by PGR with primes spt- 
cific for Vq24 and Ca blotted on rwo sepanie filter and iiidcpcn- 
dcndy hybndircd with ihr VQ24-ypc<rific oligonucleotide probe and 
the JaQ probe, respcctivdy. The rjiio of invariant Va24JaQ/totaI 
Va24 was calculated by the number of poiitivc pbquci. 
»AcruaI cell number ofDN T ccILt bearing invariant Va24IaQ TCR 
was calculated on the basis of „u«»ber of DN a/^ T cells since almost 
all DN a/p T cells were Va24*. 
•P<0.001. 



crease ofDN a/p T cclh in SSc padencs was calculated to 
be 3.6- to 4.3-roId compared with those in healthy individ- 
uals. Thus, wc isolated SP and DN popubtions from PBL 
by FACS* (Fig. I JB). The purity of the fbctioruted DN 
samples was confirmed by reverse transcripcion-PCR with 
CD4 or CD8 primers (Fig. 1 Q. and the TCRVa reper- 
toire was then analyzed. As shown in Fig. 2, almost all fam- 
ilies of TCRVa expression were observed in SP T cell 
fractions. Although individual Va gene expression varied 
in each sample, no significant di/Terence was observed be- 
tween SSc patients and healthy individuals. 

On the other hand, very restricted TCRVof expression 
was noted in the DN T cell population. The only Va rep- 
ertoire detected was Va24, and in some cases Va24 and 
ya23. Other TCRVa expression was below the level of 
detection by DNA blot analysis even with longer exposares 
(Fig. 2). The results indicate that the Va24 TCR repertoire 
dornmates in peripheral ON T cells of both patient, and 
healthy individuals. The dominant expression of Va24 
TCR was fljnhcr examined by quantitative PCR. Va24 
expression in patients showed a four- to fivefold increase 

cA'^rj* """u ^"^'^^ T^g^her with the 

tA^h data, the results indicate that the number of DN T 
cells, particularly Va24-bearing T cells, is higher in pa- 
tients, although the TCR-a repertoire in the DN popula- 
tion IS restricted to Vq24 in both SSc patients and healthy 
individuals. ' 

Oligodonal Expansion of Va24 TCR in S& Patients Por 

the Va24 TCR preferentially used in DN o/p T cells in 
heaJthy donors b an invariant TCR encoded by Vq24 and 
{jQ f "^^S^^"'^- Therefore, we attempted to compare 
Va24 TCR sequences in DN T cells between paUcnts and 
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B Healthy donors 




^'^Jl; of TCRVo uMgc to SSc patients and healthy sub- 

jccti. PCR products of the DN population (b, d,f, hj, and i) and SP T 
cojl fraction (a, e,g, i, and k) of three SSc patients {c-Jj and three healthy 
subjects (H) were hybridized with the Ca probe. DNA sire marken art 
shown to the right (in base pairs); Va n^iritcn are shoxvn across the top 



healthy donors. The results arc illustrated in Fig. 4. In 
healthy individuals, invariant Va24JaQ TCR was domi- 
nant at a high frequency (6/11, 6/7, and 5/11). However, 
among 13 in-frame Vq24+. cDNA clones in the patient 
SSc-1, four different Ja genes, JGRJall, JaG, Jal, and 
JaAPSn, were detected at a frequency of 5/13, 4/13, 3/ 
13, and 1/13, respectively. Although several distinct Va24 
TCR were expressed, we noted clonal expansion of invari- 
ant Va24 TCR other than VQ24jaQ. Interestingly, the 
most dominant invariant Vc^24JaQ deiccied in healthy do- 
nors was not detected in patients. Similarly, in the patient 
SSc-2, 7 of 12 clones represented the Va24JaV TCR, 
three clones used the JotU gene, and two used the JaT 
gene. Again, we detected dominant expansion of invariant 
VQ24JaV TCR difi-erent from Va24JaQ. In the patient 
SSc-3, seven different Ja genes (JciAA17, JaT, IGRJall, 
IGRjQlO, JqAF211, JaU, and JoAPSl I) were used at fre- 
quencies of 1/15 to 5/15. Among them, invariant Va24 
JaAA17 dominated, whiJc no Va24JaQ sequences were ' 
detected in the patient. Taken coUecrively, the Va24 rcp- 
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0.0.-,0 p« DNA, of JT^^d^Tv^z" DNr":, jr^'''p^^^^^ '° 
compwed with that of PCR nro^..,» 7 • ''X PCR »-as 



cno>« of DN a/p T ceDs in PBL >v« b.sicjjy hetcroge- 

evefil hL'rh ^ """"" '""^ •'^''"'y "'^vid-k How- 
ever, in healthy donors, invariant Va24JaQ TCR Jwayj 
dor^nated. whcreo. in SSc patien.. invarfanr VaSiJ^Q 

^2.:^:!^r^t:i:^ ---- 

Srfcr/,Vr o/T Cc/fc B„„„p /„^„„v,«/ t'a2^aO rci? 
As shown ,n Fig. A. ,he invariant Va24JaQ TCR 

■ enL ^S^"^^' " «ot detected in SSc pa- 

rents To confirm the above findings. cDNA libraries cen 

chTSo^S '^'"■'■"'^ Va24 prX'and 

the JaQ probe. Frequences of invariant Va24JaO TCR 
arnong total Va24 TCR sequences were estiJted by^S 
number of posiDve plaques and expressed as the ratio of in 
vanant V^24JaQ to total Va24. As shown i„ tH , he" 
invariant Va24JaQ TCR was hardly detected in ail SSc 
patients (0.4% Qo/o, 0%). while it wal expressed a. a hlh 
frequency of 21-50% in healthy donot,. Based on the c£ 
cubtion of actiaal cell number of DN a/B T celk rh. 
number of T cells bearing invariant Va24JaQ w^ll; t 
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range of 0-0.4/ninr' in SSc patients and 6.9-1 2.5/nim^ in 
the healthy donon (sec Tabic 1). This indicates that the de- 
crease in the expression of in variant Va24JaQ TCR is due 
to the selective loss of T cclh bearing invariant Va24jaQ, 
and not to the relative increase in the number of Vq24-^ T 
cells in SSc patients. 

The predominant expression of invariant Val4ja281 
TCR on the DN T ccU population in the periphery has 
been reported in mice (18, 19). The most characteristic fea- 
ture of invariant Val4 TCR with regard to autoimmune 
diseases is that there is a' striking inverse correlation be- 
tween autoimmune disease development and the expres- 
sion of invariant Val4 TCR. In (act, invariant Val4 ex- 
pression declines selectively with time after birth and 
disappears when mice develop autoimmune diseases in 
(NZB X NZW)F,. Ipr, or gid mice (9). Moreover, the 
treatment of young /;?f mice with anti-VQl4 antibody in 
vivo induces splenomegaly at least threefold greater than 
that in untreated Ipr mice at the same age, indicating the 
augmentation and acceleration of lyniphoproHferative dis- 
orders. These results suggest that invariant VaH T ceils 
function as regulatory T ceils that control autoimmune dis- 
ease development. Based on the above analogy to murine 
invariant Val4 TCR, it is likely that human invariant 



Va24JaQ TCR should play a decisive role in regulating 
the development of autoimmune disease. 

Contrary to the invariant Va24JaQ TCR, DN a/p T 
cells in SSc patients showed oligoclonal expansion of in- 
variant Va24 TCR other than Va24JaQ, including Va24 
IGRJall, Va24JaG, Va24JaV, and Va24JaAA17 (Fig. 
4). Our previous studies have shown that the TCRVP rep- 
ertoire in DN T cells is linoitcd to one or two vp genes in 
an individual patient, such as VpS, Vp7, or Vpil (15). Be- 
cause invariant Va24JaQ TCR has been shown to be asso- 
ciated with skewed Vp, such as VP2, Vp8. vpil. and 
ypi3 (6-8, 10), the restricted Vp usage that predominated 
in patients was different &om that seen in healthy donors 
In addi tion, these invariant Va24 TCR sequences were 
not detected in healthy individuals. Thus, they might be 
unique to SSc patients, suggesting that the expanded oligo- 
clonal invariant Va24 TCR in SSc patients could be auto- 
aggressive T cells in autoimmune status. Sequence differ- 
ences in the oligoclonal Va24 TCR that dominate in SSc 
patients might reflect differences in the pol>-morphism of 
restriction elements or in epitope specificities. The estab- 
L'shment of T cells bearing invariant Vol2A TCR other than 
Va24JaQ from SSc patients will provide a clue to the 
mechanisms of autoimmune diseases. 
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